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Abstract- Power Quality issues are becoming a major concern for today’s power system engineers. Large scale
incorporation of non-linear loads has the potential to raise harmonic voltages and currents in an electrical distribution system
to unacceptable high levels that can adversely affect the system. Active power filter (APF) based on power electronic
technology is currently considered as the most competitive equipment for mitigation of harmonics and reactive power
simultaneously. Instantaneous power theory is used for generation of reference current. This paper presents a comparative
study of the performance of three current control strategies namely ramp comparison method, hysteresis current controller
(HCC) and Adaptive hysteresis current controller(AHCC) and superiority of AHCC is established. Simulation results for all
the method are presented using MATLAB/SIMULINK power system toolbox demonstrating the effectiveness of using
adaptive hysteresis band.
Keywords- Active power filter, Harmonics, Instantaneous power theory, hysteresis current control, AHCC

I.

INTRO DUCTION

VS
iS

SOLID-STATE control of ac power using thyristors
and other semiconductor switches is widely employed
to feed controlled electric power to electrical loads,
such as adjustable speed drives (ASD’s), furnaces,
computer power supplies, as well as in HVDC
systems. Since, being non linear loads, these solidstate converters draw harmonic and reactive power
components of current from ac mains. These injected
harmonics, reactive power burden, unbalance, and
excessive neutral currents cause low system
efficiency and poor power factor. They also cause
disturbance to other consumers and interference in
nearby communication networks. Extensive surveys
[1, 2] have been carried out to quantify the problems
associated with electric power networks having
nonlinear loads. Conventionally passive L–C filters
have limitations of fixed compensation, large size,
and resonance. The increased severity of harmonic
pollution in power networks has attracted the
attention of power electronics and power system
engineers to develop dynamic and adjustable
solutions to the power quality problems [3]. Such
equipment is generally known as active power filters
(APF’s).
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Fig 1. APF control block

One of the peculiar features of shunt APFs is that it
does not require energy storage units such as batteries
or active sources in other forms for its compensation
mechanism. To accomplish this function, it requires
an effective reference compensation strategy for both
reactive and harmonic power of the load. Generally,
the performance of APF is based on three design
criteria [4-12]: (i) design of power inverter; (ii) types
of current controllers used; (iii) methods used to
obtain the reference current. Many control techniques
have been used to obtain the reference current [6-12].
Among these controllers the instantaneous real-power
theory provides good compensation characteristics in
steady state as well as transient states [4-5]. Fig. 1
shows a system control block for a three-phase shunt
APF.

Shunt active filters theories and applications have
become more and more popular and have attracted
much attention. APF’s adopt intelligent circuits to
measure harmonic and reactive power of nonlinear
loads and take corrective actions. By injecting
compensation current with 1800 phase shift with load
current at the point of common coupling where the
nonlinear load is connected, the sinusoidal source
currents are maintained. Therefore, both harmonic
suppression and reactive power compensation for the
nonlinear load are achieved.

Similarly various current controller techniques
proposed for APF configuration, such as triangularcurrent controller, periodical-sampling controller and
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current component, which are ip and iq respectively,
as shown in Fig.2

hysteresis current controller. In ramp comparison
method multiple crossings of the ramp by the current
error may become a problem when the time rate
change of the current error becomes greater than that
of the ramp. Therefore nowadays, hysteresis current
controller method attracts researcher’s attention due
to unconditional stability, fast transient response,
simple implementation and high accuracy. However,
this control scheme exhibits several unsatisfactory
features such as uneven switching frequency and
switching frequency variation within a particular
band. The adaptive-hysteresis current controller
overcomes these demerits of HCC; adaptive- HCC
changes the bandwidth according to instantaneous
compensation current variation. This paper presents
design and analysis of an active power filter that uses
instantaneous power-theory with three types of
current controller which generates switching pulses
for APF. The shunt APF is investigated under nonlinear load and found to be effective for harmonics
and reactive power compensation according to IEEE
standards.
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Fig.2 Vector diagram of voltage and currents

In the representation of electric quantities,
instantaneous active and reactive powers are
calculated as follows:
P = e ip , q = e iq,
Where, ip = I cosφ, iq = I sinφ make up Eq. (3):

The
simulation
is
carried
out
using
MATLAB/Simulink for two different types of nonlinear loads and at different firing angles. This entire
simulation studies were carried out by choosing an
11Kv feeder providing supply to Walchand College
of Engineering, Sangli, India.

Here, “−” and “~” stand for dc and ac components,
respectively. and are the instantaneous active and
reactive power (dc value) originating from the
symmetrical
fundamental
(positive-sequence)
component of the load current,
and
are the
instantaneous active and reactive power (ac value)
originating from harmonic and the asymmetrical
fundamental (negative-sequence) component of the
load current. These power quantities given above for
an electrical system are represented in a-b-c
coordinates and have the following physical meaning:

II. INSTANTANEOUS REACTIVE POWER
THEORY (P-Q THEORY)
In 3-phase circuits with balanced voltage,
instantaneous currents and voltages are converted into
instantaneous space

=The mean value of the instantaneous active
power—corresponds to the energy per time unit
transferred from the power supply to the load,
through a-b-c coordinates, in a balanced way.

Vectors [13, 14]. The traditional definitions of the
power components are all based on the direct
quantities of 3-phase voltages and currents vectors:
ea, eb, ec and ia, ib, ic. In instantaneous reactive power
theory, the instantaneous 3-phase currents and
voltages are expressed as the following equations.
These space vectors are easily converted into α-β
coordinates.

=Alternated value of the instantaneous active
power it is the energy per time unit that is exchanged
between the power supply and the load through a-b-c
coordinates.
=Instantaneous reactive power—corresponds to the
power that is exchanged between the phases of the
load. This component does not imply any exchange
of energy between the power supply and the load, but
is responsible for the existence of undesirable
currents, which circulate between the system phases.
=The mean value of the instantaneous reactive
power that is equal to the conventional reactive
power.

And α, β are orthogonal coordinates. eα and iα are on
α axis, eβ and iβ are on β axis. When the source
supplies nonlinear loads, the instantaneous power
delivered to the loads includes both active and
reactive components. So, the current vector i was
divided into active current component and reactive

From Eq.(3), in order to measure the harmonic
currents and reactive current component, fundamental
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active current corresponding to reactive power on α-β
coordinates should be first calculated by Eq.(4):

filters. The hysteresis band current control is
characterized by unconditioned stability, very fast
response, good accuracy, and inherent-peak current
limiting capability, the technique does not need any
information about system parameters.

The fundamental active currents in α-β reference
frame are then transformed into a-b-c reference frame
and they are:

The conventional hysteresis band current control
scheme used for the control of active power filter line
current is shown in Fig.3, composed of a hysteresis
around the reference line current [15].
2
Iabc

Demux

Finally, the reference compensation currents are
obtained by Eq. (6):
1
Iabc *

Convert

NOT

Convert

Convert

NOT

Convert

Convert

NOT

Convert

1
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Demux

Fig.3 Simulation diagram of hysteresis current controller

The reference line current of the active power filter is
referred to as Ica*, and actual line current of the active
power filter is referred to as Ica. The hysteresis band
current controller decides the switching pattern of
active power filter. The switching logic is formulated
as follows: If ica < (Ica*- HB) upper switch is OFF and
lower switch is ON for leg “a” :( SA=l). If ica > (Ica* +
HB) upper switch is ON and lower switch is OFF for
leg “a” (SA=O). The switching functions SB and SC
for phases B and C are determined similarly, using
corresponding reference and measured currents and
hysteresis bandwidth (HB). The switching frequency
of the hysteresis band current control method
described above depends on how fast the current
changes from the upper limit of the hysteresis band to
the lower limit of the hysteresis band, or vice versa.

The DC side voltage of APF should be controlled and
kept at a constant value to maintain the normal
operation of the inverter. Because there is energy loss
due to conduction and switching power losses
associated with the diodes and IGBTs of the inverter
in APF, which tend to reduce the value of Vdc across
capacitor Cdc. A feedback voltage control circuit
needs to be incorporated into the inverter for this
reason. The difference between the reference value,
Vref and the feedback value (Vdc), an error function
first passes a PI regulator and the output of the PI
regulator is added in the alpha axis value of the
fundamental current components.
III. CURRENT CONTROLLER TECHNIQUE
A. Ramp comparison controller
The controller can be thought of as producing sinetriangle PWM with the current error considered to be
the modulating function. The current error is
compared to a triangle waveform and if the current
error is greater(less) than the triangle waveform, and
then the inverter leg is switched in the positive
(negative) direction. With sine-triangle PWM, the
inverter switches at the frequency of the triangle
wave and produces well defined harmonics. Multiple
crossings of the ramp by the current error may
become a problem when the time rate change of the
current error becomes greater than that of the ramp.
However, such problems can be adjusted by changing
the amplitude of the triangle wave suitably.

C. Adaptive hysteresis current controller
Width of the hysteresis band determines the
allowable current shaping error to control the
switching frequency of the inverter. As the bandwidth
narrows the switching frequency increases. A suitable
bandwidth should be selected in accordance with the
switching capability of the inverter. The bandwidth
should also be small enough to supply the reference
current precisely keeping the view of switching losses
and EMI related problems. Therefore, the range of
switching frequencies used is based on a compromise
between these factors. By changing the bandwidth,
which changes the average switching frequency of
the APF, user can evaluate the performance for
different value of hysteresis bandwidth. Switching
frequency of the hysteresis band current controller is
depends on the rate of change of the actual APF
current and therefore switching frequency varies
along with the current waveform. Line inductance of
the APF and the dc bus voltage are the main
parameters determining the rate of change of the

B. Hysteresis controller [15]
The hysteresis band current control can be
implemented to generate the switching pattern in
order to get precise and quick response. The
hysteresis band current control technique has proven
to be most suitable for all the applications of current
controlled voltage source inverters in active power
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Substituting (9) in (13) and (14) and simplifying

actual APF currents. Therefore switching frequency
also depends on these two parameters.

(15)

Fig. 4 shows the PWM current and voltage waves for
phase a [16]. When the actual line current of the
active power filter tries to leave the hysteresis band,
the suitable IGBT is switched to ON or OFF to force
the current to return to a value within the hysteresis
band. Then the switching pattern will be trying to
maintain the current inside the hysteresis band.
Current ica tends to cross the lower hysteresis band at
point 1, where upper side IGBT of leg ‘a’ is switched
on. The linearly rising current i+ca then touches the
upper band at point 2, where the lower side IGBT of
leg ‘a’ is switched on. The following equations can be
written in the respective switching intervals t1 and t2.

(16)
Substituting (16) in (15), gives
(17)
where m is the slope of command current wave.
Hysteresis band (HB) can be modulated at different
points of fundamental frequency to control the
switching patterns of the inverter. For symmetrical
operation of all three phases, it is expected that the
hysteresis band width (HB) profiles HBa, HBb and
HBc will be the same, but have phase difference. The
variable HCC is used to produce gate control pulses
that operate the voltage source inverter.
IV. SIMULATION RESULT
A typical distribution feeder originating from a substation to Walchand College of Engineering, Sangli
campus load centers has been considered for
simulation. A three-phase 11Kv/433V, Dy11
transformer is employed in the Institute for catering
to the loads locally. Walchand College of
Engineering, Sangli is getting supply from MSEDL
through 11 KV feeder which is modeled and referred
to low voltage side. Therefore the values for source
impedance come out to be 0.02871 Ω, 0.2047 mH.
Source voltage is considered as 440 v and of 50 Hz
frequency. Filter parameters are selected as Lf =4
mH, Vdc=850 V, Cdc=1400 µF.

Fig.4 Current and Voltage waves with AHCC

(7)
(8)
(9)
where L is phase inductance, and i+ca and i-ca are the
respective rising and falling current segments. From
the geometry of Fig. 4, we can write

The performances of ramp comparison method, HCC
and AHCC based shunt active power filter were
evaluated
through
simulation
using
MATLAB/SIMULINK environment. A thyristor
converter with R-L load is taken as t=0 to t=0.1 with
resistance of 100 Ω and inductance of 50 mH under
steady state and for remaining transient period R-L
with 50 Ω and inductance of 25 mH.

(10)
(11)
(12)

The simulation results in transient operation using
AHCC are presented in Fig. 5 The Waveform of the
source current without APF and its THD are shown in
Fig.5 (a) and (b) respectively. These current
waveforms are for a particular phase (phase a). Other
phases are not shown as they are only phase shifted
by 1200 and we have considered only a balanced load.
Also the Waveform of the source current with APF
and its THD are shown in Fig.5(c) and (d)
respectively. The APF supplies the compensating
current to PCC, which is shown in Fig. 5(e). The time
domain response of the p-q theory controller is shown
in Fig. 5(f) which clearly indicates that, the controller

where t1 and t2 are the switching intervals, and fc is
the switching frequency.
Adding (10) and (11) and substituting in (12), we get
(13)
Subtracting (11) from (10), we get
(14)
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output settles after a few cycles. The capacitor
voltage superimposed to its reference is shown in Fig.
5(f). In order evaluate the good performance of the
control, the total harmonic distortion (THD) is
measured for the source current before and after
compensation. It shows that THD improves from
27.78% to 1.49 % using Adaptive hysteresis current
controller with the APF.

The system is simulated at different operating
conditions such as thyristor convertor with firing
angle of 00 and 300. The final values of THD of
source current before and after compensation as well
as capacitor voltage after compensation are listed in
Table I. The source current is giving better result
using AHCC than other controllers and their THD’s
are below the specifications prescribed by IEEE 519
standard recommendations on harmonics levels.

Table I
Source Current Total Harmonic Distortion: Thd%
Type of current
controller

Load THD%

Source THD%

SPWM

25.79

25.8

25.79

1.6

α=00
1.6

HCC (h=0.9)

25.76

25.76

25.76

1.57

1.59

1.64

AHCC

25.78

25.78

25.78

1.49

1.51

1.48

1.61

SPWM

29.99

30.02

30.01

α=300
2.92 2.95 2.96

HCC (h=0.9)

30.00

30.02

30.01

2.71

2.86

2.84

AHCC

30.00

30.03

30.01

2.79

2.83

2.77

PQ before

PQ after

Vdc

10.22 KW, 1.56
KVAR
10.23 KW, 1.55
KVAR
10.22 KW, 1.55
KVAR

10.27
KW,
4.97 VAR
10.27 KW, 7.1
VAR
10.27
KW,
1.29 VAR

855.
3
851.
3
851.
6

8.51 KW, 4.01
KVAR
8.504 KW, 4.00
KVAR
8.5 KW, 4.00
KVAR

8.54 KW, 7.9
VAR
8.54 KW, 9.33
VAR
8.54 KW, 3.4
VAR

856.
7
852.
3
853.
2

Fig.5.c.Source current with APF

Fig.5.a.Source current without APF

Fig.5.d.THD of source current with

APF

Fig.5.b.THD of source current without APF

V. CONCLUSION

Fig.5.e.Compensating current

Fig.5.f. Capacitor voltage superimposed to its reference

An AHCC has been implemented for three phase
shunt active power filter. The instantaneous power
theory is used to extract the reference currents from
the distorted line currents. This facilitates
enhancement of power quality through reactive power
compensation and harmonics suppression due to
nonlinear load. The results obtained indicate that DCcapacitor voltage and the harmonic current can be
controlled easily for various load conditions. The
performance of the AHCC, fixed HCC and ramp
controller technique shunt active power filter are
verified and compared with the simulation results. The
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THD of the source current after compensation is
1.49% which is less than 5%, the harmonic limit
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